Objective In this article, we try to discuss risk factors and diagnostic difficulties for uterine rupture. Methods Case series of 12 cases of uterine rupture observed in the Norfolk and Norwich University Hospital in the UK, with an average yearly birth rate of 6,000 deliveries, over a 6-year period. Results In the present case series, there was no maternal mortality, and uterine rupture was a rare occurrence (12 in 36,000 births). Uterine rupture is associated with clinically significant uterine bleeding, fetal distress, expulsion or protrusion of the fetus, placenta or both into the abdominal cavity, and the need for prompt cesarean delivery and uterine repair or hysterectomy. The risk factors for rupture include previous cesarean sections, multiparity, malpresentation and obstructed labor, uterine anomalies, and use of prostaglandins for induction of labor. Previous cesarean section is, however, the most commonly associated risk factor. The most consistent early indicator of uterine rupture is the onset of a prolonged, persistent, and profound fetal bradycardia.
Introduction
Uterine rupture is defined as a full-thickness separation of the uterine wall and the overlying serosa. It is a rare peripartum complication associated with severe maternal and neonatal morbidity and mortality [1] . Unscarred uterus is the least susceptible to rupture [2] . Grand multiparty, neglected labor, malpresentation, breech extraction, and uterine instrumentation are all predisposing factors for uterine rupture. Gardeil et al. [2] demonstrated that there were no cases of uterine rupture among 21,998 primigravidas, and only 2 (0.0051 %) occurred among 39,529 multigravidas with no uterine scar. However, an eightfold increased incidence of uterine rupture of 0.11 % (1 in 920) has been noted in developing countries and is linked with a higher-than-average incidence of neglected and obstructed labor due to inadequate access to medical care [2] . Previous cesarean section is the main risk factor for uterine rupture [3] . Overall incidence of uterine rupture in the developed countries is around 74 in 10,000 [4] . There is emerging evidence of increased morbidity and mortality following vaginal birth after previous cesarean section (VBAC) due to uterine rupture [4] . This evidence, together with medico-legal fears, has led to a decline in clinicians offering and women accepting planned VBAC in the UK and North America [5] . However, there is a different situation in developing countries since the incidence of uterine rupture is far higher (1 in 106) [6] .
Consequences of uterine rupture depend on the time between diagnosis of uterine rupture and delivery and can be divided to fetal and maternal. Fetal consequences are admission to neonatal intensive care unit, fetal hypoxia or anoxia, and neonatal death. Maternal consequences are hemorrhage, hypovolemic shock, bladder injury, need for hysterectomy, and a maternal death. On the other hand, morbidity and mortality following rupture of the uterus depend on the level of medical care [7] .
In this case series, we try to discuss risk factors and diagnostic difficulties for uterine rupture observed in the Norfolk and Norwich University Hospital in the UK, with an average yearly birth rate of 6,000 deliveries, over a 6-year period. We describe 12 cases of uterine rupture.
Case Series
Case of CF A primiparous woman presented in labor for VBAC at 39 ? 2 weeks of gestation. Cardiotocogram (CTG) was applied and showed preterminal trace (Fig. 1) . Emergency cesarean section was undertaken within 15 min. Placenta was separated, and the fetus was found in the abdominal cavity. Apgar score was 4 at 1 min, and the arterial pH was 6.53. There was a uterine rupture along the previous scar and downward toward the cervix with extension of the tear centrally toward the bladder. Gross hematuria was noted intraoperatively. Urologists' opinion was sought. Uterus and bladder were repaired in two layers by standard techniques. A urinary catheter was left in situ for 2 weeks. Antibiotics were continued for a week. Mother had an uneventful recovery. Although uterine rupture is a welldescribed complication of vaginal birth after cesarean Fig. 1 Preterminal CTG trace section, simultaneous bladder rupture as in this case is reported sporadically. A search of the recent literature revealed some such case reports [8] .
In this case, the bladder injury may have resulted from uterine rupture with bladder adhesions from previous surgery. Lydon-Rochelle et al. [8] reported significant maternal bladder injuries in 8 % of women (7 of 91) whose uterus ruptured compared with 240 of 20,004 control patients (1.2 %) in whom rupture did not occur.
The visceral peritoneum overlying the uterus remained intact, indicating that the intrauterine pressure was wholly transmitted to the bladder. We feel that uterine pressure transmitted to a bladder previously weakened and immobilized by adhesions and distended with trapped urine led to the bladder laceration. This case illustrates the importance of continuous cardiotocography as well as the importance of identifying bladder injury especially in the presence of gross hematuria.
Case of SB
A multiparous lady with one previous cesarean section at 39 ? 4 weeks of gestation came with spontaneous rupture of membranes. Oxytocin augmentation was started the next day, and 2 h later, she was found to be 4 cm dilated with fore-waters intact, and hence, artificial rupture of membranes was performed. Some early decelerations were found on the CTG trace when she was 7 cm dilated. An hour later, bradycardia was noted to be 60 beats per minute (Fig. 3) . Clear liquor was noted. Emergency cesarean section was undertaken within 10 min, and a baby girl was found to be in the abdominal cavity; the entire scar rupture was noted. The arterial cord pH was 6.981 and the venous cord pH was 6.976. The Apgar scores were 4 at 1 min and 7 at 5 min. The most important factor for the development of fetal acidosis has been reported as complete extrusion of the fetus and placenta into the maternal abdomen [9] .
Menihan [9] found that 10 out of 11 fetuses (91 %) who were born after uterine rupture had an umbilical-artery cord pH level of less than 7.0, and 5 (45 %) had 5-minute Apgar scores of less than 7.
Case of JF
A 31-year-old lady was admitted in early labor. She had had a previous cesarean section for failed ventouse. She was admitted in early labor. She progressed to full dilation. An hour later, CTG recorded prolonged atypical variable decelerations (Fig. 4) . Emergency cesarean section was decided upon as instrumental delivery was not considered appropriate. Partial scar dehiscence was noted. Prolonged, late, or recurrent variable decelerations or fetal bradycardia are often the first and only signs of uterine rupture. Bujold and Gauthier showed that abnormal patterns in fetal heart rate were the first manifestations of uterine rupture in 87 % of patients [10] . Further studies found similar results [9, 11] .
Case of TR
This extraordinary case demonstrated the occurrence of rupture of posterior uterine wall unrelated to the anterior previous cesarean section scar. A 32-year-old lady, with one previous cesarean section, presented at 40 ? 3 weeks at 8-cm dilatation. She had no gynecological history of note. Four hours later, no further progress had occurred. She declined a cesarean section at that time. Two hours later, abdominal pain and fresh vaginal bleeding were noted. Cardiotocogram was reassuring, and urine was clear.
Emergency cesarean section was later performed. On laparotomy, fresh blood was found in the peritoneal cavity. There was an actively bleeding 2-inch-long posterior tear. Previous scar was found intact. There was no communication between the cavity and the rupture. The posterior tear was successfully repaired. There are only a few reported cases in the literature of posterior uterine rupture in labor through normal uterine tissue in women with previous cesarean section [12, 13] .
Case of ES
This was a case of spontaneous onset of labor in a lady with previous cesarean section. Her cervix was found to be 7 cm dilated with the vertex noted at the spines. Later, she experienced a sudden onset of severe abdominal pain. Uterine rupture was suspected, and an emergency cesarean section was performed under general anesthesia. Partial fetal extrusion was found with complete scar rupture. Uterus was exteriorized, and two-layer closure was done. Sudden or atypical maternal abdominal pain occurs more rarely than fetal heart rate decelerations or bradycardia [8] . In a review of 10,967 patients undergoing VBAC, only 22 % of complete uterine ruptures presented with abdominal pain, and 76 % presented with signs of fetal distress diagnosed by continuous electronic fetal monitoring [8] .
Case of SR
A 28-year-old lady, with one previous cesarean section, was admitted at 11 days post-term for VBAC. She had an induction of labor with a Prostin following cervical assessment which revealed a Bishop's score of 5. Rapid progress to 9 cm occurred, and the CTG revealed a pathological trace with low variability and atypical variable decelerations (Fig. 5 ). Emergency cesarean section was performed.
Uterine rupture through the previous scar was noted. The incidence of scar rupture with prostaglandin induction was reported to be 87 in 10,000 cases [7] . During induction of labor, women undergoing VBAC should be monitored closely, with access to electronic fetal monitoring and with immediate access to cesarean section.
Case of LS
A multiparous woman was admitted with spontaneous rupture of membranes at 37 weeks of gestation and was being observed in antenatal ward. She had had a previous cesarean section for abruption leading to a stillbirth. Couvelaire uterus was diagnosed, and post-partum hemorrhage was arrested by a B-Lynch suture.
She developed sudden severe abdominal pain the next morning. The cardiotocography showed deep decelerations (Fig. 6 ). An emergency cesarean section was performed, and uterine rupture at the previous scar was noted on delivery with the baby found in the peritoneal cavity. No bleeding was noticed from the scar. This case required prompt intervention despite lack of any external signs of uterine rupture without any signs of labor. Previous abruption and couvelaire uterus have not been reported as risk factors for uterine rupture. However, several case reports have highlighted previous B-Lynch sutures as a risk factor for uterine rupture [14] .
Case of DT
A woman in her fourth pregnancy, presented with active vaginal bleeding during her pregnancy, having had no previous antenatal care. Ultrasound assessment revealed a twin pregnancy estimated to be about 22-23 weeks gestation. Fetal heart motion was not demonstrable in either twin. She had had three normal deliveries in the past. Continued severe vaginal bleeding and acute abdominal pain prompted a cesarean section. A blood loss of 3,500 ml was noted with a concurrent rupture and abruption. Gross disparity in the fetal weights prompted a diagnosis of possible twin-twin transfusion syndrome. Routine repair was performed. Concurrent presentation of abruption of placenta and ruptured uterus is extremely rare. There are only few cases described in the past [14] . A 22-year-old primigravida was admitted for medical termination of pregnancy for fetal abnormality at 22 ? 2 weeks of gestation following intracardiac KCl administration. She had a history of one previous cesarean section. After the second dose of misoprostol, she was reviewed by a consultant as she was feeling unwell. She was then assessed and found to be hypotensive and tachycardic. USS suggested a ruptured uterus. Laparotomy revealed an inverted T-shaped rupture. The fetus was within the amniotic sac in peritoneal cavity. Routine closure was performed. Blood loss was estimated to be 1,500 ml.
Case of AK
A 28-year-old primigravida presented at 37 weeks to the triage area on labor ward with reduced fetal movements and sudden onset of abdominal pain. A pathological CTG prompted an emergency cesarean section (Fig. 7) . She was known to have a placenta praevia. Intraoperatively, a bi-cornuate uterus with the rudimentary horn containing a morbidly adherent placenta accreta was found. Concurrent rupture of the horn was noted with profuse bleeding. Fetus was found in peritoneal cavity. The rudimentary horn was excised. The blood loss was estimated at 3,500 ml. This case demonstrates that pregnancies implanted in the rudimentary horn of the uterus pose special risk for those women undergoing induction of labor, with a uterine rupture rate of up to 81 % [15] . Previous obstetric history or palpation for the uterine contour as well as ultrasound may provide clues in diagnosing uterine anomalies which may help in predicting the various complications. Consideration should be given to performing three-dimensional ultrasonography or magnetic resonance imaging examinations to determine their nature of uterine anomalies [16] . Caution should be exercised if prostaglandins are considered for use in this setting [15] .
Case of AE
A woman with one previous cesarean section progressed to full dilatation in spontaneous labor at term. She then pushed for 1 h with no presenting part visible. Vaginal examination revealed a brow presentation. Emergency cesarean section was performed, and ruptured uterus was noted intraoperatively. She had had two previous normal vaginal deliveries followed by a cesarean section. Blood stained urine was noted. The lower uterine segment had ruptured with bladder adherent to it. Uterine closure was
Chart 1 Flow chart of management of VBAC performed in a single layer. Although previous vaginal deliveries offer some protection from uterine rupture, factors such as multiparity and malpresentation have to be taken into account in risk assessment [17] .
Case of LB
A woman booked with an independent midwife for home birth having had two previous cesarean sections, despite counseling encouraging a hospital delivery. She declined transfer to the hospital until 4 h after full dilatation. She agreed to a cesarean section an hour after admission. At cesarean section, after 6 h of full dilatation, uterine rupture was noted. This case demonstrates that community midwives sometimes face situations like these and need to be equipped and be aware of the potential complications of devastating nature and act appropriately.
There is an evidence of no significant difference in the risk of uterine rupture following VBAC with one previous cesarean section compared with two or more cesarean births [18, 19] . These studies were retrospective; hence, interpretation of these findings requires caution (Chart 1).
Discussion
The above series suggest that the signs and symptoms of uterine rupture are typically nonspecific, which makes diagnosis difficult. Delay in definitive therapy causes significant fetal morbidity. The inconsistent signs and the short time in prompting definitive treatment make it a challenging event. In the present case series, there was no maternal mortality, and uterine rupture was a rare occurrence (12 in 36,000 births). Uterine rupture is associated with clinically significant uterine bleeding, fetal distress, expulsion or protrusion of the fetus, placenta or both into the abdominal cavity, and the need for prompt cesarean delivery and uterine repair or hysterectomy. The risk factors for rupture include previous cesarean sections, multiparity, malpresentation and obstructed labor, uterine anomalies, and the use of prostaglandins for induction of labor. Previous cesarean section is, however, the most commonly associated risk factor [3] . Compared with elective pre-labor cesarean section, odds of scar rupture increased for emergency pre-labor cesarean section (OR 8.63; 95 % CI 2.6-28.0), spontaneous labor (OR 6.65; 95 % CI 2.4-18.6), and induced labor (OR 12.60; 95 % CI 4.4-36.4) [20] . The most consistent early indicator of uterine rupture is the onset of a prolonged, persistent, and profound fetal bradycardia [9] [10] [11] . Other signs and symptoms of uterine rupture, such as abdominal pain, abnormal progress in labor, and vaginal bleeding, seem to be less consistent than bradycardia in establishing the appropriate diagnosis ( Table 1 ). The Royal College of Obstetricians and Gynecologists recommends a 30-min decision to delivery time interval for emergency cesarean sections. However, delivery within this time cannot always prevent severe hypoxia and metabolic acidosis in the fetus or serious neonatal consequences. In the case of fetal or placental extrusion through the uterine wall, irreversible fetal damage can be expected before that time [9] . Therefore, such a recommendation is of limited value in preventing major fetal and neonatal complications. On the other hand, action within this time may prevent maternal exsanguinations and maternal death. For the best outcome, VBAC needs to be looked after in an appropriately staffed and equipped unit where immediate facilities for cesarean delivery and advanced neonatal support are available (Table 2 ) [7] . 
